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Sputum cytokines associated with raised FeNO after anti-IL5 biologic therapy in severe asthma.

To the Editor,

Biomarkers such as circulating absolute eosinophil count, % of eosinophils in sputum, and fraction of exhaled
nitric oxide (FeNO) are predictors of response to anti-inflammatory therapy for asthma. Failure to normalize
FeNO with high doses of corticosteroids are likely to be related to cytokines and chemokines such as IL-5,
IL-4, IL-13, eotaxin and TARC derived from eosinophils and other Th2 cells, and alarmins such as TSLP and
IL-33 from sources such as the airway epithelium(1). All Anti-IL5 biologics suppress eosinophils in sputum.
However benralizumab (anti-IL5RMab) has greater effect in the severe prednisone-dependent patients than
mepolizumab/reslizumab (anti-IL5 neutralizing Mab)(2,3). While raised eosinophil count is a predictor of
clinical response to anti-IL5 biologics, raised FeNO is often not(4). However, they reduce FeNO to variable
levels(4,5) suggesting that FeNO is partly regulated by cytokines derived from eosinophils in the airway(1).
The cytokines in sputum associated with raised FeNO in prednisone-dependent severe asthmatics treated
with effective anti-eosinophil drugs are not known.

In this retrospective observational study, we measured cytokines in sputum using an automated ELISA reader
(EllaTM, Protein Simple, R&D Systems, BioTechne, Minneapolis) at baseline and after 4 months of treatment
with either benralizumab or mepolizumab/reslizumab and compared the levels of cytokines in those whose
FeNO remained high after treatment. Raised FeNO was defined by FeNO >40ppb and an increase of at least
16ppb from pre-treatment value. The study was approved by Hamilton Integrated Research Ethics Board
(#11227, 5037), and all patients gave written informed consent. The cytokines assayed were IL-5, IL-4 and
IL-13 (Th2 inflammation) and IL-1β, IL-6, IL-10, IL-12p70, IL-15 IL-17A, IL-18, IL-33, IFNγ and TNFα
(Th1/Th17 inflammation, Table e3). Details of baseline demographics, methods and statistics are shown in
the online supplement.

Paired measurements were made in 30 patients who received benralizumab, and 10 each who received
mepolizumab/reslizumab. Overall, as previously reported(5), FeNO levels were not significantly reduced
by anti-IL5 treatment (median FeNO pre-treatment 29 [5-156] vs FeNO post treatment 37 [6-280]; p=0.25;
Figure e1). This change in FeNO did not correlate with a reduction of sputum eosinophils (r=-0.24; p=0.16).

Among 15 patients, FeNO remained raised after treatment (Table 1). On average, IL-4 and IL-13 were the
only cytokines significantly higher in the sputum of these patients compared to those in whom the FeNO
values normalized (Figure 1, Figure e2). Within this group, there were patients with raised IL-4 (31%) and
IL-13 (15%) and those with normal IL-4/IL-13. A small proportion of those with normal IL4/13 had raised
levels of IL-18 or IL-1β (20%). Residual eosinophilic airway inflammation was significantly more present in
patients with raised FeNO (30.8% vs 8.1%; P=0.04; Table e2). Patients with raised FeNO remained to have
poor asthma control with an ACQ>1.5, however this did not significantly differ from those with a normalized
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FeNO (ACQ 1.7±0.9 vs 1.4±1.1; P=0.36; Table 1).

This study, despite its limitation of retrospective design and small numbers, provide novel information on
the cytokine profile in the airways of severe prednisone-dependent eosinophilic asthma patients whose FeNO
remain high after anti-IL5 treatment. This is a common clinically encountered situation. Our observations
suggest that IL-4/IL-13 are the cytokines most associated with this phenomenon. This may be due to the
airway eosinophilia being uncontrolled or due to a non-eosinophilic source of these cytokines. However, there
could be non-IL-4/IL-13 related increase in FeNO that may be due to inflammasome activation and through
non-Th2 cytokine pathways that may raise the possibility of airway infections or autoimmune activation(6).
This has important clinical implication. These patients may not show adequate response to switching to
anti-IL4R Mab if their asthma remains uncontrolled. This needs to be evaluated prospectively.
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Table 1: Patient characteristics of severe asthma patients with normalized FeNO low versus raised FeNO
after treatment with anti-IL5 biologic.

Normalized FeNO Raised FeNO p-value

n 35 15
Age 57.2 ± 12.5 46.7 ± 15.5 0.15
Gender (Female) 16 (45.7%) 7 (46.7%) 0.95
BMI (Kg/m2) 30.7 ± 4.6 32.5 ± 6.2 0.15
Atopy - yes (%) 12 (40.0%) 13 (92.9%) <0.01
Chronic Rhinosinusitis - yes (%) 20 (66.7%) 8 (57.1%) 0.54
Nasal polyps - yes (%) 14 (46.7%) 7 (50.0%) 0.84
Bronchiectasis - yes (%) 2 (6.7%) 0 (0.0%) 0.32
ACQ post treatment 1.4 ± 1.1 1.7 ± 0.9 0.36
ACQ decrease post treatment -0.7 ± 1.2 - 0.6 ± 1.1 0.68
Blood eosinophils pre treatment 0.4 [0.2 - 0.7] 0.3 [0.1 - 0.8] 0.70
Blood eosinophils post treatment 0.0 [0.0 - 0.02] 0.0 [0.0 - 0.15] 0.10
Sputum eosinophils pre treatment 7.5 [1.5 - 31.1] 18.3 [6.7 - 58.8] 0.17
Sputum eosinophils post treatment 0.0 [0.0 - 0.5] 0.0 [0.0 - 9.2] 0.08
ICS dose post treatment (mcg/day) 1250 [1000 - 2000] 1000 [625 - 1750] 0.32
OCS dose post treatment (mg/day) 5.0 [0.0 - 10.0] 6.3 [0.0 - 10.6] 0.79
FEV1 increase post treatment 0.16 ± 0.41 0.13 ± 0.54 0.30

BMI: body mass index; ACQ: asthma control questionnaire; ICS: Inhaled corticosteroids; OCS: Oral corti-
costeroids; FEV1: Forced expiratory volume in first second

Figure 1: Sputum cytokines in patients with raised FeNO (>40ppb and >16ppb increase after treatment)
versus normal FeNO ([?]40) after treatment with anti-IL5, coloured by residual airway inflammation.
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Plots showing difference in levels of sputum cytokines between severe asthma patients with FeNO [?]40 versus
>40 after treatment with anti-IL-5 biologic. Dotted lines are the normal values based on the 90th percentile
of 22 non-atopic healthy donors (mean age 49+/-15) with no evidence of airway eosinophilia. IL-4 and IL-13
are significantly higher in the raised FeNO group. The pink asterisk is an outlier and details on this patient
are shown in the online repository. IL interleukin; FeNO Fraction of Nitric Oxid.
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